We demonstrate a silicon carbide (SiC) microdisk resonator with an intrinsic optical quality factor of 6.19 × 10 3 , fabricated on the 3C-SiC-on-Si platform. We characterize the temperature dependence of the cavity resonance and obtain a thermo-optic coefficient of 2.92 × 10 −5 ∕K for 3C-SiC. Our simulations show that the device exhibits great potential for cavity optomechanical applications.
High-Q optical microresonators are able to dramatically enhance optical fields inside a small volume, which is essential for a variety of applications including nonlinear optics [1] , quantum optics [2] , and cavity optomechanics [3] . In general, the underlying materials play a crucial role since most applications rely on the linear/nonlinear optical property [1] , the mechanical property [3] , the quantum confinement effect [4] , or defect characteristics [5] . In recent years, significant interest has been focused on developing microresonators on various material platforms, including dielectrics [1, [6] [7] [8] [9] [10] [11] , semiconductors [12] [13] [14] , and polymers [15] . However, high-Q microresonators generally exhibit large thermal and mechanical sensitivities, making them challenging for practical application. Some materials, such as silicon and gallium arsenide, have small bandgaps that limit the operating spectral range. Others, such as lithium niobate and chalcogenide glass, exhibit the photorefractive effect or two-photon absorption, making it challenging to handle high optical powers. For micro/nanophotonic applications, it is crucial to search for a material platform with combined superior optical, mechanical, and thermal properties.
Silicon carbide (SiC) exhibits very attractive material characteristics [16] . It has a wide bandgap >2.3 eV with a transparent window covering from visible to midinfrared. It has a large refractive index of ∼2.6, which enables strong confinement of optical modes. In particular, it exhibits a significant thermal conductivitiy of 320-490 W∕mK, about 1-2 orders of magnitude larger than most other materials, thus enabling excellent heat management, which is particularly suitable for handling high optical powers. Moreover, SiC has a hardness and chemical inertness much greater than conventional optical materials, thus making it resistant to harsh environment. Therefore, SiC is an excellent material for photonic application.
SiC is a semiconducting polymorphic material that exists in various crystal structures [16] . One of its crystalline forms, 6H-SiC, was recently used to make photonic crystals [17] . However, 6H-SiC exhibits strong optical anisotropy due to its hexagonal wurtzite-like crystal structure. For photonic applications, an isotropic optical property is more favorable as it much more easily manages optical polarization. Among various SiC crystal polytypes, 3C-SiC exhibits isotropic optical properties because of its zinc-blende crystal structure. Moreover, 3C-SiC is the only material form of SiC that currently can be grown directly on a silicon substrate by heteroepitaxy, thus with great potential for future optoelectronic integration. In this Letter, we demonstrate the first optical microresonator based upon 3C-SiC.
The single-crystalline 3C-SiC was epitaxially grown on a (100) silicon substrate by the two-step atomosphericpressure chemical vapor deposition [18, 19] , with surface roughness optimized to minimal levels (∼0.5-1 nm). A disk geometry was patterned by electron-beam lithography and etched by reactive ion etching with CF 4 ∕Ar plasma, optimized to form the well-defined device structure. The silicon substrate was undercut by XeF 2 to form the supporting pedestal. Figure 1 shows the scanning electron microscopic image of the device with a radius of 15 μm and a thickness of 200 nm.
A continuous-wave tunable laser was launched into the whispering gallery microdisk resonator by near-field evanescent coupling through a tapered optical fiber, which also delivered the transmitted wave out of the device (Fig. 2) . The cavity transmission spectrum was obtained by scanning the laser wavelength and recording the cavity transmission accordingly. Figure 3 shows the laser-scanned cavity transmission for a quasi-transverse-electric-like (quasi-TE-like) cavity mode with polarization lying in the disk plane. Fitting the cavity spectrum, we obtain an intrinsic optical Q factor of 6.19 × 10 3 . Similar optical Q factors were observed on cavity resonant modes with different radial orders. The magnitude of optical Q in the current device is primarily limited by the sidewall roughness of the microdisk, not by diffraction-induced radiation [simulations by the finite-element method (FEM) indicate a radiation-limited optical Q of ∼10 16 ]. Therefore, we expect the optical Q can be significantly improved with further optimization of the fabrication procedure (e.g., the plasma flow rates and the etching powers).
To investigate the thermo-optic property of the device, we changed the device temperature T by ∼50 deg and recorded the cavity resonance tuning. Figure 4 shows that the cavity resonance changes linearly with the device temperature. As the cavity resonance wavelength λ is determined by the effective modal index n and mode radius R as 2πnR mλ, where m is the mode number, the temperature dependence is given by
For an SiC microdisk with a radius of 15 μm, FEM simulations show that the mode radius scales linearly with the physical radius of the microdisk. As a result, the temperature dependence of the mode radius is determined by the linear thermal expansion coefficient of 3C-SiC, with a value of 1∕RdR∕dT 3.26 × 10 −6 ∕K at room temperature [20] . On the other hand, the optical mode is strongly confined inside the device (inset of Fig. 3 , with an energy confinement factor of 92%). As a result, the temperature dependence of n is primarily determined by the thermo-optic coefficient of 3C-SiC material, 1∕n 0 dn 0 ∕dT 1∕ndn∕dT, where n 0 is the refractive index of 3C-SiC material. Using this expression together with Eq. (1) and fitting Fig. 4 with a linear curve, we obtain the thermo-optic coefficient of dn 0 ∕dT 2.92 × 10 −5 ∕K at room temperature. This value is about 14% smaller than that measured from polycrystalline 3C-SiC [21] possibly due to the singlecrystalline nature of our device material. It is about 25% smaller than that recently obtained from 6H-SiC photonic crystals [22] , indicating the better thermaloptical stability of 3C-SiC devices. Moreover, it is about 5-10 times smaller than those of silicon and gallium arsenide and only nearly three times larger than that of silica [23] , thus showing the great thermal-optical property of 3C-SiC.
A SiC microdisk resonator exhibits great potential for many applications. One example is to take advantage of the superior mechanical property of 3C-SiC, which exhibits a Young's modulus of ∼450 GPa [16] , significantly larger than other materials used for mesoscopic mechanical structures [3, 24] . It is thus particularly useful for making high-frequency optomechanical oscillators, which are essential for frequency metrology and time keeping [24] . Figure 5 compares the frequencies of the fundamental radial-stretching mechanical mode (Fig. 5, inset) , in microdisks made with different materials. It shows clearly that 3C-SiC microdisks offer mechanical frequencies about 30%-170% larger than silicon nitride, silicon, silica, and gallium arsenide devices. SiC devices are expected to have a high mechanical Q, as indicated by recent SiC-based nanoelectromechanical devices [25] . The optomechanical coupling in a microdisk resonator is given by g om −ω 0 ∕R, where ω 0 is the cavity resonance frequency. A microdisk with a radius of 10-20 μm results in jg om j∕2π 10-20 GHz∕nm for a telecom-band wavelength. In particular, FEM simulations show that 3C-SiC allows us to well confine optical modes inside a microdisk with a radius of only 2.5 μm and a thickness of 400 nm, which is not possible for a silica or silicon nitride microdisk. Such a device exhibits a strong jg om j∕2π of 80 GHz∕nm and a mechanical frequency of 1.5 GHz. The optomechanical coupling will be further doubled for cavity modes at near infrared around 700-800 nm, which is inaccessible for silicon and gallium arsenide devices due to the material absorption. Therefore, 3C-SiC microdisk exhibits great potential for cavity-optomechanical application.
In conclusion, we have demonstrated, for the first time to the best of our knowledge, a 3C-SiC microdisk resonator. The device exhibits an intrinsic optical Q of 6.19 × 10 3 . Detailed characterization shows a thermooptic coefficient of 2.92 × 10 −5 ∕K for 3C-SiC at room temperature, indicating the great thermal-optical property of 3C-SiC devices. Our numerical simulations show that the device is well suited for applications in cavity optomechanics. Further optimization of the fabrication procedure will significantly improve the optical Q.
